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TH TRODUGTION 


The problem of synthesizing a finite, lumped para- 
meter, linear, passive network for prescribed transient re- 
sponse has been attacked by forming the ratio of the trans- 
forms of the output and input funetionsa to give the syatem 
funetion h({s). The system fumetion has then been synthesized 
inte a network with the necessary approximations being made in 
the frequency domain. RHesults obtained have varied from good 
to poor, and it appears that the degree of approximation ob- 
teined in the time domain cannot readily be determined from the 
degree of approximation made in the frequency domain. 


& means of making the required approximations in the 
time domain, instead of the frequency domain, would permit con- 
trol of the time form of the transient. One such means avail- 
able is the finite trigonometric series, which can be made to 
approximate a given periodic time function to any desired de- 
gree of accuracy. An appropriate combination of periodic 
functions based on the desired transient can then be made such 
that the combination cancels everywhere except over the period 
of the transient. 
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QUARTER I 
ORRIVATION OF PRR TRANGPEH FUBUTICN TO BE AEALIASD 


The following method of representing « transient 
ef finite duration by on appropriate combination of sem- 
periodic functions has been proposed.** Define the desired 
transient os f(t). 


#(t) 


Pige 1 
The Desired Transient 


Define 6 semi-perio@ic function, £8) ae follows: 


fe & t <0 
f(b) = 4 £¢t) o<nce 
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f(t) 
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f(t) is representable in a Fourler series as: 


f(t) = 20 emt (40) 


st = OO 


and its transforma f(s) is represented as: 


Now define two additional functions, £,(%) and f,(%) as 


follows: 
f,(t)= f(t) + f (te) 
fy(t)= f(t) - £ (b= 2) 

£,(%) 


Pig. 3 
Punetions f,(t) and f,(t), Derived From f(t) 
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hy (8) = i |» 3 |. 22 | ped He 
At e O¢ 
hy (a) = h,(s) [ae |= 2 | 5008 * 


following a Line of physics) ree 
tions are combined te form a new function, his) given by 
nia)? ee Direot subatitution shows thet hie 
The inverse transform of h(a) ie readily recognised as 
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In general the fourler series representation of 
f(t) will be an infinite series. Kepresenting finite 
approximationa by ae then: 
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f(t) = C1 Xue (4.79) 
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DEVELOPMENT OF A SYHTHRSIS PROGEDUNE 


The purcese here is to develop a precticel means 
of synthesis of a network whose aystem function is h (s)s 
that is, a network whose response to a unit impulee fumetion 
is f(t). 


The necessary and suffielent eonddtions@* fox the 
‘pealizability of s network whose transfer impedance” is 
h™(@) aver 
(a) ‘The numerator of h“(s) be of degree not 


(o>) The denominator have no serves in the 
Tight half seplamg, ieGe, the denon 
inatoxy must be a Hurwits polynomial. 


Theat gondition (a) is fulfilled is evident from 
an expansion of the functions involved. The fulfillment of 
aendition (b) is subject to discussion beyond the ssope of 
thie work. I% oan be demonetrated that, using the Fourier 
goefficients in o finite approximation of f,,(t), certain 
functions yield o denominator polynomial whieh is Murwits 
Windle others do not. There appears to be a possibility of 
60 selecting the coefficients that the 
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be met before synthesis is possible. 


Assume, therefore, that moana have been devised 
to apeure the Hurwite character of the denominator poly~ 
mnomiel, or that it is desired to synthesize a network for 
@ function whieh ylelds one. It is advisable, in the in- 
terents of brevity, to normalise et m = 1, and to shift 


from complex coefficients to trigonometric coefficients, 


Let the duration of £"(t) be a, then the period 
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Noting that (%+ ~,) and j(%,+ %,) ave respectively a, 
and Dye the usual trigonometric coefficients, by defining 
2,2 2" f(t)at, Ko (e) ean be written ast 


(2) na) = ag ke ghs # 


(2) h* (se) = “32, therefore the poles of h’(s) are lo- 
cated at the seres of P(s). These zeros are @n in number 
and are located in the left half plane (by assumption). Me 
ether general properties of these geros are readily apparent, 
ang it appears that the problem of loeating them would bo of 
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aome dosree of difficulty. Thia problem can be avoided, 
however, if lecsless networke terminated in resiatances 
are agceptable. 


Recalling from Chapter I thet hy () and hap (a) 
ere Peepootively twice the sums of the odd order and even 
order terms of h(a) 
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Note now that if odd a, end even b, are sero thon 
Pye Pas ax Ay axe ail even functions of a, while sy ie en odd 
fumetion of s. Also if ever a, and odd b, are aero thon Py» 
Seq 9 and Gg are even in #8, while Py 4e 44 in @. Thus the 
product Py% is alwaye even in ¢ and the product Poiey ie ale 
waya odd in a. 
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go that for the special conditions that odd cosine and 
even sine coefficients be sera, or that even cosine and 
oad sine coefficients be zero, the of4 and even s terns 
in P(s) are identified with the poles and zeroes of hy (€) 
and. ha (a). 


The necessary and sufficient conditions’ for a 
polynomial with real coefficients to be a Hurwitz poly- 
nomial are that the geroa of its o@d and even parts ile on 
the j axisa where they mutually separete each ether. Fur~ 
ther, the ratio of the even” odd parte of a Hurwite poly- 
nomiel is a reactance (ausceptance) fumetion. This implies, 
for * Hurwitz, that the wet vale Noes 14¢ on the j 
amia and that the function Ae be a reactance function, 
for the special conditions oaichaasedll The following 


manipulations are therefore sugseated: 


% 
Now associate bh (se) with Zqo(s) 2 Zinn which ia 

the form for the transfer impedanee of a lossless network 

terminated in a one ohm rerlatance. B45 and Son Ore 
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respectively the transfer and driving point functions for 
the lossless part of the network. 


In making this association the following con- 
ditions are noted: 


(a) Zon is a reactance function. 


(b) typ has its poles and zeros restricted 
to the J axis. 

(¢) all the poles of Zip are contained 
in Zoos 

(a) Zoo has poles, at the zeros of Pos 
which are not contained in Zo" 


Gonditions (a), (b), and (¢) are sufficient** to insure 
synthesis as a lossless ladder network terminated in a 
resistance. The poles of z,. which are not contained in 
Zap represent lossless parallel tuned circuits in series 
With the load resistor. 


At this point the formal procedure of separating 
hy (8) into two parts, each of which fulfills one set of the 
requirements for this type of synthesis, would lead to a 
general synthesis procedure. It is more enlightening, 
however, to first observe the time form of the transients 
which these conditions represent. Using Fourier serles 
coefficients and noting that f(t) = 0 for the interval 
Ww<t<2n 
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aj= a lie f(t )at 
e,= 4% f(t Jeon kt at 
by = af f(t )oin ket at 


Since even cosine terms and odd sine teran have even ayme 
metry about #, if t(f +t) = ¢.G-t), then od¢ a, and even 
b, are sero. Anil since odd cosine temas and even cine terns 
have odd synmotry about 2, it t, 9+) = -t,G-t)s then 
even #, mxi odd b, are gore. Thun the special eondi tions 
odour when the transient has even or odd symmetry about ites 


Fige 4 
Transient For Which Resulting O44 #, And liven b, Are Zere 
f(t) 
Fige 5 


Transient for Which Remulting Sven a, amd odd b, dare Zero 
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any exbltrery transient way be considered an the cum of 
two other transienté, each having one of the above types of 
oymmetry. To aynthesize a network for on axblitrary tran- 
eient respomee, then, first decomone the trensient inte 
Sie components having odd and even symmetry about the mid~ 
point. Synthesize 4 network for each component. After 
guiteble impedance Leveling, comect the networkn back to 
funetion is reai- 


beek and the overall tranefer is 
ined." 
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GHAPTER IIT 


AN EXAMPLE OF THE SYNTHESIG PROCEDURE 


Let the desired transient reaponse to a unit im- 


pulse input be a rectangular one as shown: 


Then f(t) is 


a, = + ng f(t at = 
a, = + (en f (t)eos kt at = Ly" gin kt dt=0 (kHO 


Dy i's (t)sin kt at]=4 J" £ sin kt at= = #e(l-cop k t 
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b.. = O for k even. 
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Note that odd ay. and even by are zero since the 
transient has even symmetry about ite midpoint. In this 
instance all a are Zero exeept By: This fact serves to 
simplify the network rather than invalidate the procedures 


developed. 


Assume that it has been eatablished that an ap- 
proximation of six terms will be sufficiently accurate. 


S BB + BD, : 
mle) = Do Meme a s gh oh, ‘ 


a+ k* 8-425 


nie) = 2 = 
* | PON Ripe: 
OY er A eS" h 


ee 


{, = 8 


P= (a* + 1)(s*+4 9)+(a*4 1)(s*+ 25 +(e 4 9) (84 25) 
= 3(s*+ 4.61132) (s7+ 18.7702) 


Q, = (87+ 1)(*+9) (8+ 25) 
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Removing the factor i results in the following: 


Zn, = 04 S208 , 
ND 61132 yap mo 
R= 42 
we 
S19 8 


if only the reetangular form of the transient be 
required the impedance level may be reduced by a factor of 


soz yielding 
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The network is then realised as 
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Fig. 8 


Wetwork Yor Approximating Rectangular Transient Response To 
& Unit Impulse 


(Ohmp, Henries, Farads) 
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